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Parabolic  bodies of revolution of t w o  fineness ratios were flight- 
tested in the  transonic and supersonic range by the use of rocket pr- 
pulsion. The basic  parabolic shapes were of fineness  ratios 10 and 15. 
(hitting the rear  portion of the parabola of revolution t o  provide fo r  
the  rocket jet resulted in actual body fineness ratios of 7.87 and 12. 
The models  were stabilized by t a i l  fins mounted at the base of the bodies. 

. The model of fineness  ratio 7.87 was tested mer a Mach n W e r  
range of 0.58 t o  1.19, and that of fineness r a t i o  12 mer  a range 
of 1.16 t o  2.58. Curves of measured t o t a l  drag coefficient  plotted 
against Mach  number are  presented. Tota l  drag coefficients  for  several 
Mach numbers, as camputed pr ior   to   the tests, are included in order 
t o  indicate t h e  reasonable accuracy that can be  expected from such 
predictions. 

The tes ts   a lso proved the effectiveness of a simple " d r a g -  
separation"  type  booster arrangement. 

INTRODJCTION 

As p a r t  of t h e  KACA program t o   i w e e t i g a h  body shape8 suitable f o r  
supersonic f l igh t ,  the Langley Pilotless Aircraft Research Division has 
undertaken a program using  the rocket-powered flight-test technique t o  
determine the aeroaynamic characteristics of tw0 f i~wtabi l ized,   parabol ic  
bodies of revolution. The body fineness  ratios were chosen EO as t o  
make the experimental data comparable with  results  presented in a theo- 
retical  investigation of the drag of parabolic  bodies at supersonic 
speeds (reference 1). The basic  Wabolic &apes  were of fineness 
ratios 10 and 15. hi t t ing   the   rear   por t ion  of the  parabola of revolu- 
tion t o  provide for  the  rocket  jet   resulted  in  actual body fineness 
ratios of 7.87 and E. 

The purpose of the  tes ts  described  herein was t o  determine t h e  drag 
characteristic8 of the two models and incidentally prove the effectivenem 
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of a simple "drag-ssparation" t$pe booster arrangement. !ibis paper 
presents the drag  chmacterietics of blmt-ended, fin-@abilized, 
parabolic  bodies of fineness ratios 7.87 and E for  a Mach  nlunber range 
of 0.58 t o  1.19 and 1.16 t o  2.58, respectively. The vd11.e~ of t o t a l  
drag  coefficient a r e  conpared a t  several Mach n W e r s  with  those detemnlned 

theoretical and experimental literfitme. 
- fram an independent estimation based on a prudent selection of pertinent 

The fli&t teste  were conducted by Langley Pilotless  Aircraft 
_ .  

Research Division a t   i t e  teEiting s ta t ion   a t  Wallops Island, Va. 

MODELS 

Two models of each configuration were constructed. Them models w i l l  
be designated "A" and %." Th3 bodfes were of parabolic- profile with 
on3 end cut off t o  allaw rocket-motor  exhaust. Each body was s t ab i l i zed  
by three untapered, 60° sweptback f in s  mploying circul-c sections 
equally spaced amund t h a  stern. The two models of the  finenessiratio 7.87 
configuration were simile,r and were about 60 inches long and of all wooden 
conetruction. The f i n  thickness r a t io  t/c, meaeured  normal t o  the 
leading edge, was 10 percent. The models of the fineneee-ratio 12 can- 
f i m t i o n  were,about 65 Inches long and of wood and metal construction. 
The A model f i n  thickness  ratio,for  structural reasons, vas 20 percent 
normal t o  the  leading edge. For t h e  B model, however, the fins were 
reduced t o  a thickness ratio of 10 percent. Figure 1 shows the general 
arrangement of the model configurations. 

All models were propelled by 3.2Finch ME-7 aircraf t  rocket motors. 

Th3 testing technique was identical t o  that described i n  reference 2. 
The two eFmilay  models of the mailer fineness-ratio bodies were launched 
fram a zerc-length4ype  launcher se t  a t  an elevation angle of 80°. (See 
figs. 2 and 3 . )  llhs purpoee of f i r ing  two  models was to i n m e  the 
coneistensy of tha velocity data secured by tracking ths  models with a 
Doppler velocimeter radar unit located near the launching s i te .  

The fineness-ratio 12 model A wa.8 laumhed in  the same manner as 
t he   two  models of the smaller fineness  ratio bodies. (See f ig .  3(b).) 
In order t o  a t ta in  higher Mach numbers than those  attained  for  the 
A model, the B model wae launched under the power of a Finch, light- 
wei&t,  high-velocity & i r C m f t " O C k e t ~ ~ ~ t O ~ ?  booster. This booster was 
attaohed t o  the model by a simple fingeptype arrangement (fig. 4) and, 
at the cessation of thrust, separatsd under application of i t s  own drag 
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&/or the  sustaining  rocket mtar's thrust. A view of this model on 
its  launcher  is aham as figure 5 .  Both models were  tracked in flight . with the  Doppler  vslocimeter. 

The demit7 and epeed of sound for  the determination of the drag 
coefficient  and  Mach  number  were  obtained from radiosonde  observations 
made at the time of firing. 

r The variation of the  test Reynolds n&er (based on body  length) 
with  Mach  number is  presented In figure 6 for  both model configurations. 

All launching8  and  flights  we-  eatiafactory. lThe performaso8 of 
t h e  dr-eparation type booeter  indicated  the  practicability of thie 
type for  use with RmA.7_3. high-speed  test  vehicles. 

Exprimental Results 

The velocity-time c ~ ~ r ~ e s ,  as obtained fram t h e  data secured by t h e  
radar unit, a r e  presented in figure 7 for the two fineness-ratio con- 
figurations. The mall difference  between  the curveB for the fineness- 
ratio 7.87 configuration can be  attributed t o  slight  differences in  w e i @ t  
and motor performance. By g r a ~ i c a l l y  differentiating  the  velooity-time 
c w e s  from beyond t h e  maximum velooity point and taking  into account 
the  atmospheric  conditions and the  weight of the model after the 
propellant had been  expended,  values of drag coefficient,  based on 
maximum f r o n t a l  area  exclusive of t h e  fins,  were  calculated. These 
results BLce presented in figure 8 for t he  two body fineness ratios 
investigated.  Considering t h e  curves for t h e  A and B models of the 
7.87-fheness-ratio  configuration  (fig. 8(a)) which should be  camparable, 
it cas be seen that, a l t h o r n  the  curves  diverge  at  the  higher Mach 
numbers  tested, the weement between t h e  curve8 is good and in keeping 
with the accuracy of this  general  technique 88 ascertained in  reference 2. 

Ezamination of figure 8(b) reveals an increment in drag coefficient 
between  the A and B models of the  fineness+ebtio 12 configuration that 
can be mainly attributed to difference in firrprofile  thiclmees  between 
t h e  models and is of the order  predicted  by t h e  twdimensional theory.  
The slight  rise in the curve of t h e  B model neaz a Mach number of 1.5 
can be  attributed t o  t h e  fins. For t h e  case of an isolated  fin,  the 
rise  should  occur at a Mebch number of 2.0 for 60° of eweepback (when the 
&ch line  lies on the  leading  edge),buD in thie case, because of the 
increased  velocity mer the fine due t o  their  location on the  body,  this - condition occurs at a lower  free-etream  &ch  nuniber as is  indicated. 
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Drag EBtimate8 

Previous to the  firings, an estimate of the  total drag of each 
tested  configuration was made using generally avaihble pertinent 
literature. The purpose w-as to obtain sane indication of t h e  degree of 
accuracy to be  expeoted franwhat mfght be  considered a firstrorder 
approach  towards  estimating t h e  total drag of flight  configurations at 
eupersonic speeds. No attempt was made to estimate t h e  drag  ooefficiente 
b$ the  outlined method at a Maoh  number  lower than 1.2 since in this 
range t h e  validity of the  linearized theory becomes  questionable. 

The estimate W&B obtained in  the  following manner: 

Bods preseure drag.- The pressure drag over  the BuI*f~ce of t h e  
bodies wa6 caloulated fram the ,surface pressure distribution  which wa8 
arrived  at by t h e  method outlined in reference 1. 

Body viscous drag.- The viscous drag coeffiaient was obtained f r o m  
reference 3 using  the  assumption of a laLminar boundary layer over t h e  
forward 30 percent  of t h e  body and a turbulent b o w  layer over  the 
remaining part. A check of t h e  order of magnitude  of  the  result was 
obtained  fram  reference 4. Asenrming a turbulent bound- layer  over  the 
entire  body would result in an increase of 25 percent in viscoue drag 
coefficient. 

Base pressure baa.- In estimating  the  base preseure for finenese- 
ratio 7.87 modele, comparable  bodies of references 5. and 6 were  considered 
in  order t o  ascertain t h e  effect on base  pressure of t he  relatively low 
Reynolds  nunbere of reference 5. Since t h e  effect appeazed to be 
negligible,  base pressure obtained fram tests of a body  camparable to 
that being  coneidered was ueed  directly frm reference 5 .  

In estimating  the  base  drag for fineness-ratio 12 models at the 
higher  Mach  numbers  reaohed by this configuration,approximatione of base 
pressure  were  obtained-from t h e  Boeing  Aircraft  Ccxupany. 

The values of base preesure coefficients  were  converted to drag 
coefficients  based on the respective  body f r o n t a l  areas, exclusive of 
t h e  fins. 

Fln drag.- The fin drag for finenes+ratio 7.87 models was based 
on the experimen~d data of reference 7. No attempt was made to estimate 
the body-fin interference  effects  due  to t h e  uncertainty of t h e m  condi- 
tions, and it was further  felt  that t h e  difference  to the f i n  drag and 
particularly the total drag, realized by attempting to t&e into  account 
these interference  effects,  would  not be i n  keeping with the objective 
of these  estimates. 
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The fin drags f o r  fineness-ratio 12 models were calculated usfng the 
methods presented in  references 8 and 9 after determining t h e  velocity 
field around the fins from reference 1. 

The comparison  obtained  between  the  results of t h e  experimental 
flight  tes-bs and the  independent drag estimates  is  presented in figure 9. 
Examination of the  figure  reveals a discrepancy  between  the  estimated 
and experimental totd drag  coe?ficient  values of about 14 percent for 
t h e  fineness"ratio 7.87 configuration. For the finenessratio 12 con- 
figuration  the  discrepancy  between  the  estimated and exprimental values 
is  about 12, 9.5, 10, and 1.5 percent  at Mach numbers of 1.2, 1.5, 2.0, 
and 2.5, respectively. These results, in gensral.,  Indicate that the 
cnmponents of drag f o r  a f "babilized body in the supersonic range can 
be  calculated  with  Bufficient  accuracy for first-ordsr approxhations 
by the  use of existing data. 

Zxperimental  values  of t h e  total  drag  coefficients were obtained  for 
fin-stabflized, blun-kanded, parabolic  bodies of revolution of fineness 
ratios 7.87 &i 12. Values for the fineness-ratio 7.87 configuration w9m 
obtained  through a Mach number  range of 0.58 to 1.19, and for the  fineness- 
ratio 12 configuration through a Mach nmber range of 1.16 to 2.58. 

Comparison of the experimental values of drag coefficient and the 
estimated  values  calculated  prior to the  tests show that  the  components 
of drag  'for a f Frwtabilized body in the  supersonic ramge can be calculated 
with sufficient  accuracy for preliminary design by t h e  use of existing 
theoretical and experlmntal data. 

Langley Memorial  Aeronautical  Laboratory 
National Advisory Coamnittee for Aeromutics 

Langley Field, Va. 
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(a) Flneness-ratio 7.87 model. 

Figure 3. - Views of models in launcher. 
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(b) Fineness-ratio 12 “A’’ model. 

Figure 3. - .Concluded. 
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